Digital signal processing receiver and method for its operation 

5 Background of the invention 

The invention is based on a priority application EP 02360315.2 which is hereby 
incorporated by reference. 

1 0 The invention relates to a digital signal processing (=DSP) receiver for 

anaiyzing an optical signal, in particular in a terabit optical network, comprising 
a receiver input for receiving the optical signal, a photo diode, an analog-to- 
digital conversion (=ADC) unit, and a DSP processing unit. 

1 5 DSP receivers of this kind are currently used in optical networks such as 2,5 
Gb/s-SDH (synchronous digital hierarchy) and Gigabit-Ethernet, described e.g. 
in Andrew S. Tanenbaum: Computer Networks, Verlag Prentice Hall. 

For transporting information, in particular digital information, in large amounts 
20 and over long distances, optical information networks can be applied. The 
information to be transported is modulated onto optical signals such as light 
waves, and the modulated light waves are sent through an optical waveguide. 
The length of such a waveguide may be on the order of tens or even hundreds 
of kilometers. In order to recover the transported information, the optical signal 
25 is fed into a photo diode, and the electrical signal generated by the photo diode 
is fed into an analog-to-digital conversion unit. This conversion unit generates a 
converted digital signal which is the basis for recovering the transported 
information in a digital signal processing circuit. 

30 However, the photo diode is only able to determine the intensity of the incoming 
optical signal. Intensity, however, is only one of the characteristic properties of 
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the optical signal. Information about the phase position, the polarization or the 
frequency spectrum (e.g. as a result of chromatic dispersion) is lost. This leads 
to poor bit error rates (BER) when recovering the transported information from 
the optical signal, in particular if the bit rate is high and/or the overall optical 
5 intensity during detection is low. 

In mobile radio systems, signal receivers are equipped with so called antenna 
arrays, i.e. a multitude of detection devices (comprising an antenna and 
possibly a radio receiver each) in order to boost the signal intensity to noise 

1 0 ratio (SINR), see J.S. Thompson et al, IEEE Personal Communications, 
October 1996, pages 16-25. Each antenna detects the same incoming 
electromagnetic signal, which arrives at each antenna with a different echo 
distortion. A digital signal processing circuit analyzes all the signals detected by 
the different antennas, and based on this broader information basis, calculates 

1 5 an output signal containing the information of the incoming signal with a much 
better quality, i.e. data integrity than it would be possible with just one detection 
device. This calculation is done by extended algorithms which maximizes the a- 
posteori probability of the recovered data (MAP algorithm) such as the Viterbi 
algorithm. 

20 

It is the object of the Invention to present a digital signal processing receiver for 
analyzing optical signals which allows an information recovery with improved 
data integrity. 

25 This object is achieved by a DSP receiver as introduced above, characterized in 
that the DSP receiver comprises a splitting unit splitting the optical signal 
received by the receiver input and feeding the split parts into at least two 
waveguide branches, that at least one waveguide branch comprises an optical 
filtering element, that each waveguide branch is fed onto a separate photo 

30 diode, that the signal of each photo diode is fed into a separate ADC unit, and 
that the signal of each ADC unit is fed into the DSP processing unit. 
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The optical filtering element in a waveguide branch imprints a particular piece of 
information about the optical signal onto the respective split part of the optical 
signal. This respective split part of the optical signal and its imprinted piece of 
5 information, respectively, are fed through a separate photo diode and a 

separate ADC unit and into the DSP processing unit. Thus, the DSP processing 
unit has the opportunity to analyze at least two split parts of the optical signal 
simultaneously. Each split part of the optical signal may carry different 
information, depending on the opitcal filtering element in the respective 

1 0 waveguide branch. Typically, one split part of the optical signal will be used to 
provide the overall intensity information (i.e. in this waveguide branch, no optical 
filtering element is used), and the other split parts of the optical signal will be 
used to provide intensity information about a fraction of the optical signal with a 
particular polarization, frequency range (e.g. to learn about chromatic 

1 5 dispersion), or phase position, etc.. 

Thus, the separate waveguide branches and optical filtering elements recover 
part of the information, e.g. phase or polarization information, of the optical 
signal which would be lost if the signal detection was performed with just one 
20 photo diode. In general, the more information about the optical signal is 

provided to the DSP processing unit, the more reliable can be the recovery of 
the information originally modulated onto the optical signal. 

In a preferred embodiment of the inventive DSP receiver, each waveguide 
25 branch comprises a different optical filtering element. In this case, each 

waveguide branch recovers a different piece of information about the optical 
signal. However, identical optical filtering elements in different waveguide 
branches may help to increase the signal-to-noise ratio of the filtered split 
signals carrying a type of information of particular interest, what is also an 
30 option in accordance with the invention. 
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In another preferred embodiment of the invention, the optical filtering element(s) 
comprise chromatic dispersion elements and/or polarization filters and/or 
spectral filters. It is particularly preferred that the DSP receiver comprises two 
waveguide branches with perpendicularly oriented polarization filters. This 
5 allows a recovery of the polarization Information. It is also preferred that the 
DSP receiver comprises a set of waveguide branches with spectral filters of 
various average transmission wavelengths, in particular with monotonously 
increasing or decreasing average transmission wavelengths, preferably with 
evenly separated average transmission wavelengths. This allows a simple 
1 0 recognition of chromatic dispersion of the optical signal. Other possible filtering 
elements are chromatic dispersion compensation filters. Of course, different 
types of filtering elements may be combined in series in one waveguide branch, 
e.g. by disposing a chromatic dispersion compensation element behind a 
polarization filter. 

15 

Summary of the invention 

An advantageous embodiment of the invention is characterized in that the DSP 
processing unit comprises an application specific integrated circuit (=ASIC) 
20 and/or a field programmable gate array (=FPGA) circuit. An ASIC is a compact 
standard solution tool for a DSP processing unit. The use of FPGA circuits is 
very cost efficient. 


In another advantageous embodiment of the inventive DSP receiver, an 
25 additional optical filtering element is arranged between the receiver input and 
the splitting unit. The additional optical filtering element then affects the 
incoming optical signal as a whole. Thus, known distortions of the signal can be 
compensated for easily. 

30 The inventive idea is also represented by an inventive method for recovering an 
optical signal with a DSP receiver as described above, characterized by the 
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following steps: 

a) the optical signal is split into at least two branches; 

b) at least one split optical signal undergoes a filtering procedure; 

c) the split optical signals are detected and converted into split digital signals; 
5 d) the split digital signals are analyzed in order to recover infornnation of the 

optical signal. 


The original optical signal is modulated with the information to be transported in 
the optical network. In order to recover the modulated optical signal in the DSP 

1 0 receiver, i.e. the information carried by the optical signal, the inventive method 
is applied. If the optical signal was fed directly into one single photo diode, only 
the integral intensity of the optical signal as a function of time could be 
determined, while most of the information about the optical signal would be lost. 
In the inventive method, in contrast, the signal is split into a multitude of 

1 5 branches. Each branch may undergo a different filtering procedure. Optionally, 
one of the branches can do without a filtering in order to access information 
about the overall intensity. Then, each branch provides one piece of information 
about the optical signal, for example the fraction of intensity polarized in a 
particular direction (polarization filter) or contained in a particular wavelength 

20 interval (spectral filter). After detection e.g. in a photo diode and analog to digital 
conversion, the split digital signals may be analyzed in order to recover the 
original modulated optical signal (i.e. the modulated optical signal directly after 
the modulation) or to recover directly the information modulated onto the optical 
signal. The access to numerous pieces of information about the received optical 

25 signal (i.e. the optical signal fed into the DSP receiver) increases the achievable 
data integrity of the recovered information. This improved performance can be 
used to increase the data density (i.e. the bit rate) that can be handled in an 
optical network. For this reason, the inventive DSP processing unit and its 
operation method are suitable for application in optical networks with 

30 wavelength channel rates of 2,5, 10 and 40 Gb/s , 
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In a preferred variant of the inventive method, the information is a recovered 
electrical data signal modulated onto the optical signal. This is the standard 
case of information modulated onto the optical signal. 

5 In a further preferred variant of the inventive method, the information is 
likelihood numbers for the probability of 0 and 1 bits carried by the optical 
signal. Likelihood numbers may facilitate error correction algorithms, since 
badly transmitted pieces of data are easier to recognize. 

1 0 A further development of this variant is characterized in that the analysis of the 
split optical signals uses a MAP maximizing algorithm. This algorithm has been 
tried for mobile radio systems already and is a reliable option for generating 
likelihood numbers. 

1 5 The invention is also realized in a software program for performing the method 
described above. 

Further advantages can be extracted from the description and the enclosed 
drawing. The features mentioned above and below can be used in accordance 
20 with the invention either individually or collectively in any combination. The 
embodiments mentioned are not to be understood as exhaustive enumeration 
but rather have exemplary character for the description of the invention. 

Brief description of the drawings 

25 

The invention is described in the drawings. 

Fig. 1 shows an embodiment of an inventive DSP receiver with two 

waveguide branches and one optical filtering element in each 
30 waveguide branch; 
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Fig. 2 shows another embodiment of an inventive DSP receiver with two 

waveguide branches and two optical filtering elements in series in 
each waveguide branch; 

5 Fig. 3 shows a further embodiment of an inventive DSP receiver with two 

waveguide branches, with an additional optical filtering element at 
the receiver input. 

Fig- 1 shows a first basic embodiment of the inventive DSP receiver. An optical 
1 0 signal arrives at the receiver input 1 1 and is split into two split parts in a splitting 
unit 12, The upper split part is fed into an upper, first waveguide branch 13a, 
whereas the other split signal is fed into a lower, second waveguide branch 1 3b. 
Both waveguide branches 13a, 13b lead the split optical signals into separate 
optical filtering elements 14a and 14b. 

15 

The optical filtering elements 14a and 14b have different filtering functions. Most 
easily, the two optical filtering elements are polarization filters with orthogonal 
orientation, or two spectral filters with different transmission intervals. Another 
possibility is that one filtering element is an "empty box", i.e. only one of the 
20 branches contains an optical filtering element, whereas the "empty branch" is 
used to analyze the overall intensity of the incoming optical signal. 

After the filtering procedure, the split parts of the optical signal contain special 
pieces of information about the optical signal, corresponding to the respective 

25 optical filtering elements 14a, 14b. The waveguide branches 13a, 13b are then 
fed onto photo diodes 15a, 15b in order to convert the split parts of the optical 
signal into electrical signals. Apart from photodiodes 15a, 15b, this conversion 
may also be done by photoresistors, light dependent resistors or other opto- 
electric converters of sufficient processing speed. The two electrical signals 

30 generated by the photo diodes 15a, 15b are then fed into analog to digital 

conversion units 16a, 16b each, which in turn give their digital signals to a DSP 
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processing unit 17. The DSP processing unit 17 analyzes the digital signals 
originating from all waveguide branches 13a, 13b simultaneously and recovers 
information about the optical signal as arrived at the receiver input 1 1 . The DSP 
processing unit 17 gives this recovered information to a receiver output 18. 

5 

Typically, it is not intended to reconstruct the optical signal as arrived at the 
receiver input 1 1 Itself, but to recover the data net load transported by this 
optical signal. The data net load is typically digital information that was 
modulated onto the optical signal. 

10 

As a first option, the DSP processing unit 17 may use the information of all 
waveguide branches 13a, 13b to correlate out the most likely transmitted bit 
pattern and give it to the receiver output 18. In particular, error sources like 
chromatic dispersion can be recognized and compensated for in order to obtain 
1 5 high data integrity. 

As a second option, the DSP processing unit 17 may perform a maximum 
likelihood sequence estimation, commonly known as "soft decision". A possible 
and preferred calculation algorithm for this purpose is the MAP maximizing 
20 algorithm. With a "soft output" giving only numbers for the probability of 0 and 1 , 
further improvement, in accordance with the invention, may be achieved by 
adding a "soft" FEC (fonward error correction) decoder to the receiver output 18. 

Fig. 2 shows a second embodiment of an inventive DSP receiver. The optical 
25 signal arriving at the receiver input 21 is split at the splitting unit 22 into two split 
parts, which are fed into a first, upper waveguide branch 23a and a lower, 
second waveguide branch 23b, respectively. The upper split part of the optical 
signal is lead through two optical filtering elements 24a and 25a arranged in 
series, whereas the lower split part is lead through two other optical filtering 
30 elements 24b and 25b. Typically, these filtering elements 24a, 24b, 25a, 25b 
have different filtering functions each. Each waveguide branch 23a, 23b then 
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runs into a separate photo diode 26a. 26b, and their electrical signals generated 
are fed into ADC units 27a and 27b. The digital signals of the ADC units 27a, 
27b are received by the DSP processing unit 28 and analyzed as described for 
Fig. 1 . The DSP processing unit 28 generates an output signal carrying 
5 information about the optical signal as received at the receiver input 21 , and the 
output signal is fed into the receiver output 29. 

Fig. 3 shows a further, alternative embodiment of an inventive DSP receiver. 
After the receiver input 31 , a common additional filtering element 32 is arranged 

1 0 to filter the incoming optical signal as a whole. Preferably, this additional filtering 
element 32 constitutes a chromatic dispersion compensation element or any 
other filtering element to compensate for known distortions of the optical signal. 
The filtered optical signal is then split at a splitting unit 33 into two split parts 
propagating in two waveguide branches 34a and 34b. Each waveguide branch 

1 5 34a, 34b then comprises a filtering element 35a, 35b, a photo diode 36a, 36b 
and a ADC unit 37a, 37b. The digital signals of the ADC units 37a, 37b are fed 
into a DSP processing unit 38. The output signal of the DSP processing unit 38 
is fed Into a receiver output 39. 

20 In principle, the embodiment of Fig. 3 can be regarded as an embodiment 
according to Fig. 1 with an additional optical filtering element 32 arranged 
before the splitting unit 33. Moreover, its function is equivalent to an 
embodiment according to Fig. 2 with identical optical filtering elements 24a, 24b 
corresponding to the additional optical filtering element 32. The embodiment of 

25 Fig. 3, however, can do with a total of only 3 optical filtering elements 32, 35a 
and 35b and is therefore less expensive and more compact. 
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